



































































































































































































































The building envelope is the interface between the interior of the building and the 
outdoor environment. A building’s energy consumption to a large extent depends on 
certain envelope design elements. As a consequence, for achieving high levels of energy-
saving in buildings, design measures with high impact should be firstly defined and then 
optimised. This paper aims at finding energy-saving solutions for the envelope design 
of high-rise office buildings in temperate climates. For this purpose, an existing tall 
office building is selected as a typical high-rise design in the Netherlands and the energy 
use prior and after refurbishment is compared through computer simulations with 
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simulations showed which building envelope parameters have a significant impact on 
the building’s energy consumption; hence need more consideration for improvement. 
The four measures selected for uplifting the energy performance of the building 
envelope include glazing type, window-to-wall ratio, sun shading and roof strategies. 
By taking the base case as a reference and optimising one parameter at each step, 
this study resulted in a high-performance envelope design that offers a considerable 
energy-saving by around 42% for total energy use, 64% for heating and 34% for electric 
lighting.
Keywords
Envelope design strategies, energy efficiency, high-rise office building, energy 
simulation, sensitivity analysis.
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FIGURE 4.1  Methodological scheme of research.





















































































































BUILDING PARAMETER UNIT VALUES MAX. OUTPUT VARIATION (KWH/M2)
Infiltration ac/h 0.7, 1.5, 2* 44.22
External wall insulation W/m2K 0.25a, 0.37b, 2.22c* 1.87
Roof insulation W/m2K 0.15a, 0.37b, 1.91c* 3.16
Heating set point temperature °C 20, 21*, 22 0.33
Cooling set point temperature °C 23, 24*, 25 0.18
External vents operation schedule --- summer cooling*, off 0.18
Occupancy density people/m2 0.11, 0.16* 2.74
Occupancy schedule --- weekends (open*, close) 0.04
Minimum outside fresh air l/s- person 4, 8*, 10 0.39
Mechanical ventilation per area l/s- m2 0.6, 1*, 1.6 0.45
Mechanical ventilation schedule --- weekends (open*, close) 1.52
Miscellaneous equipment W/m2 0, 5* 0.14
Glazing type (outer pane) --- clear, tinted* 15.6
Shading --- no shading, indoor blinds* 1.16
* The base case settings of the reference model that led to the validated model; a best practice building; b recommended U-value by 
EURIMA (2007) for the Netherlands; c reference building (uninsulated).
TABLE 4.2  Sensitivity analysis of building parameters. 

































































































Type A 4192952 216.7 4.0% 500114 25.8 -58.0% 428658 22.1 35.9%
Type B 4940923 255.4 -11.5% 384194 19.8 -45.4% 562911 29.1 15.9%
Type C 3995955 206.5 8.5% 447214 23.1 -53.1% 438709 22.7 34.4%
Type D 3994633 206.5 8.6% 302640 15.6 -30.7% 497627 25.7 25.6%
Type E® 4062323 225.9 ---- 195051 10.8 ---- 622062 34.6 ----
Type F 3781715 210.3 6.9% 324183 18.0 -39.8% 565565 31.4 9.0%
Type G 3578574 199.0 11.9% 254995 14.2 -23.5% 569612 31.7 8.4%
Type H 3651551 203.0 10.1% 261262 14.5 -25.3% 572911 31.8 7.9%





























































































30% 4040547 224.6 0.5% 154228 8.6 20.9% 658280 36.6 -5.5%
50% 4043043 224.8 0.5% 165214 9.2 15.3% 646698 35.9 -3.8%
80% 4057811 225.6 0.5% 182546 10.1 6.4% 630553 35.0 -1.3%
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S.1 4041478 224.7 0.5% 210467 11.7 -7.3% 448354 24.9 27.9%
S.2 4092286 227.5 -0.7% 179003 9.9 8.2% 589073 32.7 5.3%
S.3 4122161 229.2 -1.4% 171848 9.5 11.9% 594102 33.0 4.5%
S.4 4174134 232.1 -2.7% 154634 8.6 20.7% 610293 33.9 1.9%
S.5 ® 4062323 225.9 ---- 195051 10.8 ---- 622062 34.6 ----
S.6 4176592 232.2 -2.7% 134027 7.4 31.3% 555235 30.9 10.7%
S.7 4079531 226.8 -0.4% 188654 10.5 3.3% 634727 35.3 -0.2%
S.8 4124334 229.3 -1.5% 172986 9.6 11.3% 516679 28.7 16.9%
S.9 4153924 230.9 -2.2% 160103 8.9 17.9% 533717 29.7 14.2%
S.1 Without shading; S.2 Overhang (1m); S.3 Overhang+side fins (1m); S.4 Louver+overhang+side fins (1m); S.5 Reference: Blind 
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1 4069714 226.3 1.0% 194115 10.8 1.6% 622568 34.6 0.0%
2 3970393 220.7 3.4% 196226 10.9 0.5% 622568 34.6 0.0%
3 3972018 220.8 3.4% 196537 10.9 0.4% 622568 34.6 0.0%
4 ® 4110193 228.5 ---- 197376 11.0 ---- 622568 34.6 ----
1. Green roof (uninsulated roof); 2. Green roof (well-insulated roof); 3. Well-insulated roof ; 4. Reference (no insulation).
TABLE 4.7  Simulation results obtained for roof strategies.
FIGURE 4.12  The effect of roof strategies on the percentage of total energy-saving.
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